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ABSTRACT

Behavi or of bowhead whales in the eastern part of the Al askan Beaufort
Sea or near the Al aska/ Yukon border was observed from a circling
turbi ne—powered Goose aircraft on 10 dates from 12 September to 5 Cctober
1981. On three of these dates, the whales were exposed to noise inpulses from
seismc vessels 13 kmor nore away. Observations were hanmpered by |ogistic
conplications, including low cloud ceilings on the ngjority of the days
However, some behavioral data were acquired

In both the presence and the absence of seismic inpulses, nost bowheads
appeared to be feeding in the water colum, although slow travel and active
socializing were sometimes detected. Sonobuoys detected bowhead calls both in
the presence and the absence of seismic inpulses. There was no clear evidence
of unusual behavior in the presence of seismic inpulses. However,on one date
whales 13-19 km from an approaching seismc exploration vessel nmay have been
slowly avoiding the vessel at the sane tinme as they engaged in other

seem ngl y-nornal behavi ors.



I ntroduction 1
| NTRODUCTI ON

Recently it has been perceived that underwater industrial sounds may
have the potential to affect whales and other marine manmal s adversely (Payne
and Webb 1971; Geraci and St. Aubin 1980; Acoustical Society of Anmerica 1981,
Ri chardson et al. 1983). This could, in theory, occur through the
interrel ated processes of disturbance, interference with communication,
stress, or geographical displacenment.

-Various kinds of offshore industrial activities have been shown to cause
short-term disturbance to bal een whales, including bowhead whal es
(Richardson et al. 1983, 1985b,c).

-Increases in levels of continuous noise (e.g. ship noise) cause an
inevitable reduction in the theoretical maxi num range at which a whale can
hear sounds from any source of interest (e.g. another whale). However,
there is |[ittle information about the inportance to whales of such sounds
from di stant sources.

-The possibility that industrial noise nay stress baleen whal es has not
been studi ed.

-The possibility of long-term geographical displacenent by industrial noise
has been discussed wdely, but it is very difficult to docunent whether
observed changes in distribution of baleen whales are attributable to
disturbance or to some other factor, such as variations in food supply or
ice cover (Marine Mammal Conmi ssion 1979/80; Richardson et al. 1985a).

Concern has arisen that the endangered Western Arctic popul ation of
bowhead whales, Balaena mysticetus, might be affected by noise fromoffshore

cil exploration and development in the Beaufort Sea and el sewhere in its
range. |n response to +this concern, the U S. Bureau of Land Managenent and
U.S. Mnerals Managenent Service have funded various studies. Since 1979,
those agencies have funded the Naval Ocean Systens Center (NOSC) to conduct
aerial surveys to docunent the distribution and novenents of bowhead whal es
in Al askan waters (Ljungblad et al. 1980, 1982a, 1983, 1984a, 1985a;
Ljungblad 1981). During 1980-84, those agencies also funded LG Ecol ogical
Research Associates to study the reactions of bowheads to actual and
similated :industrial activities (Richardson [cd.] 1982, 1983, 1984, 1985).
The latter study was done in the eastern (Canadian) portion of the Beaufort

Sea rather than in Alaskan waters. The Canadi an Beaufort Sea was chosen
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partly because of the relatively favorable study conditions (bowheads occur
there during the summer open-water season), and partly because offshore oil
exploration was further advanced in the Canadian than in the Al askan Beaufort

Sea.

One of the first major activities that the oil industry undertakes when
exploring of fshore i s geophysical exploration (also known as seismc
exploration) . Extensive seismc exploration was underway in the Al askan
Beaufort Sea well before industry began to drill many exploratory wells
t here. Because seismc exploration involves creation of very intense
underwater  sounds (see below), there was concern that bowhead whal es m ght be
affected. For this reason, regulatory agencies concluded that an effort
should be made to nmonitor the behavioral reactions, if any, of bowheads to
seismc exploration in the Al askan Beaufort Sea. This behavioral work was to
be done along with the ongoing aerial survey effort in Al askan waters and the
more extensive behavioral study in the Canadian Beaufort Sea.

This report describes the 1981 conponent of the effort to nonitor
behavioral reactions of bowheads to seismic exploration in the Al askan
Beaufort Sea. Reeves et al. (1983, 1984) and Ljungblad et al. (1984b) have
descri bed the continuation and expansion of this work in 1982 and 1983. A
report on the 1984 conponent of the work is in preparation.

Characteristics of Noise from Seismc Exploration

The npst intense sounds that are normally introduced into the water by
the activities of the petroleum industry conme from seismc (geophysical)
surveys. During such surveys, intense inpulses of underwater sound are
created. The echoes returning from interfaces between geol ogical strata are
recorded in order to provide information about geol ogical structures bel ow
the sea floor. The sound inpul ses were formerly created by expl osives, but in
recent years non-expl osive sources have been used for nost seismic surveys in
North American waters. During the open water season in the Beaufort Sea, the
most commonly used sources are arrays of airguns towed behind seismc survey
ships. A chanber in each airgun is filled with conpressed air, and then all
air guns in the array nearly sinultaneously release the air into the water.
This <creates an intense and somewhat directed inpulse of sound. Al nost all of



| ntroduction 3

the energy is at frequencies below 500 Hz. The airgun array is fired every
several seconds as the survey ship noves slowy forward.

The broadband source |evel of the noise inpulse created by a typical
airgun array is 245-250 dB with respect to 1 microPascal at a standardized
distance of 1 m hereafter abbreviated as aB//1 pPa-n (Johnston and Cain, in
Ri chardson et al. 1983). In conparison, the broadband source levels of the
continuous engine and propeller noise from the noisiest ships are roughly 200
dB//1 wuPa-m. Most vessels have source levels lower than this (e.g. 180-190
dB//1 nPa-m). Background noi se levels fromwaves, wind and nost other natural
sources are nuch lower -- typically around 100 dB//1 uPa (G eene 1982-85;
Ri chardson et al. 1983).

Noi se pul ses from seismic vessels are often detectable as much as 50-100
km away (Ljungblad et al. 1980; G eene 1982-85; Malme et al. 1983; Reeves et
al. 1983). Noise levels fromseisnmic vessels decrease with increasing range
from the seismc vessel, as does any underwater noise. The rate of
attenuati on depends on water depth and other factors that affect sound
propagation. |In the eastern Beaufort Sea, noise fromseisnic vessels is

detectable farther away when the water is deep than when it is shall ower
(G eene 1983).

Two other factors that affect the received | evel of seismc noise are
(1) aspect relative to the source, and (2) depth of the receiver. Wien the
source of the noise pulses IS an array of airguns, the amount of energy
propagating in various directions depends on the orientation of the array
(e.g. Malme et al. 1983). More energy propagates perpendicular to the |ong
axis of the array than parallel to that axis. I|ndependent of that effect, the
received level at any particular location is less just below the surface of
the water than at deeper depths. This is largely attributable to the release
of sound pressure to the atmosphere at the water surface. Geene (1984) found
that the received level of seismic noise 3 mbelow the surface was 4-10 dB
l ess than that 9 m bel ow the surface.

The spectral characteristics of the received sound pul ses, as well as
their levels, also depend on propagation conditions. In shallow, nearshore
waters of the Beaufort Sea, the lowest frequencies ( <100 Hz) tend to
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attenuate nmore rapidly than do higher frequencies. Thus, when received at a
rang e of many kilometres from the seismic ship, energy in the sound pulses is
mainly at 100-500 Hz even though , near the source, there was a ngjor
conponent below 100 Hz (G eene 1982, 1983).

The perceived duration of the pulse tends to increase with increasing
range. The noise pulse may be only 0.2 s in duration when received close to
the seismc vessel, but is typically 0.5 s long when received 25 km away.
This increase is attributable to the multiple paths that the sound energy may
take en route fromthe seismc vessel to the receiver.

QO her Studies of Reactions of Wales to Seismc Exploration

The follow ng review of available data on reactions of bowheads and gray
whal es to seismic inpulses is taken, with mnor amendments, from R chardson
et al. (1985 c). A nore general review, including a summary of early

i nconcl usive observations, appears in Richardson et al. (1983).

Bowheads in Summer. -- Bowheads summering in the Canadi an Beaufort Sea
have been observed in the presence of noise from distant seismc vessels on
21 days during 1980-84. These whales were at ranges 6-99 km from the seisnmic
vessels, and received noise levels were 107-158 dB (Richardson et al.
1985b,c). There was no evidence that these whales were attenpting to nove
away, and the usual types of calls were heard at the usual rates. There were
hints of subtle alterations in surfacing, respiration and diving behavior on
some occasions. Surface times, number of blows per surfacing, and dive tinmes
tended to be low in the presence of seismc noise, and blow intervals tended
to be long. However, multivariate and ot her anal yses indicated that it was
not possible to determi ne conclusively whether these weak and inconsistent
trends were attributable to the seisnic noise.

Four groups of bowheads were exposed to noise pulses froma single 0.66
L (40 in3) airgun fired 2-5 km away (Richardson et al. 1985b,c). Behavi or
was observed before, during and after the 20-30 min period of airgun firing.
These experiments sinmulated the onset of seismc exploration by a full-scale
seismc vessel several tines as far away. A fifth group of bowheads were
exposed to a few noise pulses when the airgun was only 0.2-1.2 km away.
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During three tests, the general activities of the whales did not change when
the airgun started firing. However, during one test at 2-4.5 kmrange, plus
the brief test at 0.2-1.2 km nost bowheads began noving away when the airgun
began firing. This indicated that bowheads were able to localize the
direction from which airgun pulses were arriving, and to nove in the opposite
direction. Surfacing and respiration variables did not change dramatically in
the presence of airgun noise, but trends were consistent with those in the
opportunistic data -- slightly reduced surface tinmes and number of blows per
surfacing; slightly increased blow intervals. Call rates and types did not
change in any detectable way during airgun experinents.

One test with a full-scale seisnmc boat showed that bowheads began to
orient away fromthe vessel when it began firing its airguns 7.5 km away.
However, the reaction was not strong, and some bowheads continued apparent
near-bottom feeding until the vessel was only 3 km away. Wales were

di spl aced by about 2 km Reactions were not much stronger than those to any

conventional vessel.

Bowheads in Autumm. -- Bowheads have been seen in Al askan waters as
close as 3 km from operating seismc vessels (Ljungblad et al. 1980, 1982a,
1984b; Reeves et al. 1983, 1984). Bowhead cal |l s have been heard in the
presence of seismc noi se in A askan waters. During opportunistic

observations, there have been no clear indications of whales nmoving away from
approaching seismc boats. Reeves et al. (1983, 1984) described bowheads
“huddling’ in a conpact group in the presence of seismc noise, but they also
observed simlar behavior in the absence of such noise. Opportunistic
observations of bowheads in the presence of noise from distance seisnic
vessel s provided hints of altered surfacing and respiration behavior, but the
results were not consistent or conclusive.

Detailed results from four experinents with full-scale seismc boats in
1984 are not available yet, but there were avoidance reactions when ships
were wthin a few kilometres of bowheads (Ljungblad et al. 1985b, in prep.).
There was also a consistent tendency for reduced surface and dive tines and
for fewer blows per surfacing when seisnmic vessels were nearby. These
t endenci es wer e consi stent with the weak trends evident from sone
opportunistic observations and airgun experinents in the Canadian Beaufort
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Sea in summer (cf. Richardson et al. 1985b,c). This consistency suggests that
sone bowheads do react subtly to noise fromseismc vessels many kilometres

away.

Mgrating Gay Wiales. — Recent tests on gray whales show that this

species reacts to strong seismc inpulses (Malme et al. 1983, 1984). In 1983,
Malme et al. tested reactions to a full-scale seismc vessel at 1-90 km
range, and to a 1.64 L (100 in3) airgun at ranges from<l kmto ¢. 5 km
Average pulse pressure levels of > 160 dB//1 uPa produced behavi oral
reactions: the whales generally slowed, turned away from the noise source,
and increased their respiration rates. They sometimes noved closer to shore,
or into a 'sound shadow created by topography. The > 160 dB average pul se
pressure |evel corresponded to peak levels > 1'70 dB, and to ranges <5 km from
the full-scale vessel and <1 kmfromthe single airgun. There was al so sone
evidence of behavioral reactions to seisnic noise with average pul se pressure
| evel s of 140-160 dB (Malme et al. 1983).

The 1984 study (Malme et al. 1984) showed that some gray whal es began to
deflect their tracks as much as 2 or 3 kmaway fromthe 1.64 L airgun.
However, by another measure the radii of 10% 50% and 90% avoi dance were 750
m 400 m and 100 m (effective received | evels 164 dB, 170 dB and 180 dB,
respectively) . In the situation studied by Malme et al., these levels were
equivalent to those 2.8, 2.1 and 1.2 kmfroma full-scale seismc vessel.

I'n general, uncontrolled observations in Canadian and Al askan waters
have shown that bowhead whales often tolerate strong seismc pulses wthout
di spl ayi ng any avoi dance reaction or other pronounced response. However,
subtl e behavioral effects have sonetimes been suspected in the presence of
seismc vessels and during tests with one airgun. The recent experinents on
bowheads and gray whales have denonstrated that avoi dance reactions do occur
when seisnic noise is intense (nore than about 160 dB//1 uPa), i.e. when a
full-scale seismc shipis wthin a few kilometres. It is possible that
subtle effects occur at considerably greater ranges.
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Regul atory Actions in the Al askan Beaufort Sea

Us. f ederal agenci es planning activities that might affect an
endangered species are required, under the Endangered Species Act, to consult
with the federal agency responsible for nanaging that species. The National
Marine Fisheries Service (NMFS)is responsible for managi ng bowhead whal es.
In 1978 the Departnent of the Interior was planning the first sale of
offshore oil leases in the Al askan Beaufort Sea, and consequently it began
consultations wth NMFS regarding the potential effects of such a sale on
bowhead whal es.

The initial determnations by NWS, in 1978 and 1979, were that
insufficient information existed to conclude whether the |ease sale would
jeopardize the continued existence of bowheads, or would harm habitat
critical to them This conclusion was a major factor in the initiation of the
NOSC study of bowhead distribution and movements in Al askan waters, and the
LG study of behavioral reactions to offshore industrial activities.

In a further opinion in 1980, NMFS indicated that know edge is
i nadequate to assess the effects on bowheads of noise from seismc
exploration. In 1981, NMFS recomended that seismic exploration be prohibited
in the |ease area east of Prudhoe Bay from 1 Septenber to 31 Cctober, and in
the |ease area west of Prudhoe Bay from 15 Septenber to 31 Cctober. The
difference in recommended ‘closure’ dates east and west of Prudhoe Bay
reflected the fact that bowheads begin to migrate west through the Al askan
Beaufort Sea in Septenber; areas east of Prudhoe Bay are used by bowheads
earlier in the autum than are areas farther west. NWS suggested that these
recommended closure dates could be nodified if aerial surveys revealed that
bowheads were noving westward earlier or later than normal.

Reeves et al. (1983) provide a nore detailed account of the regulatory
actions summarized above, and al so describe the NMFS opinions issued to cover
the 1982 season.
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Obj ecti ves

As a result of the above considerations, the Bureau of Land Managenent
requested that a study be done in Al askan waters in the autum of 1981 with
the followi ng overall objectives:

1. Docunent bowhead behavior when seisnic vessels are operating near

whal es,

2. Docunment bowhead behavior when the whales are not in the potential zone
of influence of seismc vessels,

3. Docunent the environnental (e.g. ice, weather) and acoustic
circunstances of the behavioral observations,

4, Conpare behavior when the whales are within vs. not within the potential
zone of influence of the seisnic vessels, and

‘5, Compare the results of this autumm study in Alaskan waters with those
obtained during the LG summer study of bowheads in Canadian waters.

Anot her requirenment specified by the Bureau of Land Managenent was as
follows: "In the event that the contractor observes significant change in
bowhead” whal e behavior which, in his judgement, is related to geophysi cal
vessel  operation, operators of geophysical vessels will be so notified. In
such a circunmstance, the contractor will tell the vessel operator the likely
period of tinme that bowhead whales would be present within the zone of
influence of the probable disturbing factor. It will not be the contractor's
responsibility to advise the geophysical vessel operator as to possible
remedial action related to vessel operation.”

Appr oach

The behavioral studies in the Al askan Beaufort Sea during the autumm of
1981 (12 Septenber through 5 Cctober) were a joint effort of LG and NOSC.
The project used the aircraft and other facilities that were in place for the
NOSC study of the distribution and novenents of bowheads (Ljungblad et al.
1982a) . From 12 to 20 Septenber, the behavioral observations were obtained by
NOSC personnel. From 21 Septenber to 5 October, M.A. Fraker of LG flewwth
the NOSC crew. Behavioral data were obtained as the observation aircraft
circled over the whales. This is the same general approach as was used during
the LG study of bowhead behavior in the Canadi an Beaufort Sea in the sumrers
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of’ 1980-84. Simlar nmethods were used in subsequent studies in the Al askan
Beaufort Sea in the autums of 1982-84 (Reeves et al. 1983, 1984; Ljungblad
et al . 1984b, in prep.).

The same aircraft was used for both the standard aerial survey program
conducted by NOSC and for the behavioral study conducted by NOSC and LG..
This, along with the usual deterioration in weather and Iight conditions in
autum, limited the quantity and quality of information that could be
col | ect ed. (During followup studies in 1982-84, the survey and behavioral
prograns were done with separate aircraft.) This report describes the
results of the 1981 behavioral study; Ljungblad et al. (1982a) describes the
results of the simultaneous aerial survey program The latter report includes
information about the routes flown and the numbers and |ocations of whales
during each of the behavioral observation flights described here.

METHODS

Study Area

The study was based at Deadhorse, Alaska, in the Prudhoe Bay area. W
searched for whales in the area from Herschel I|sland off the Yukon coast
(longitude 139°W) west to Smith Bay (154°W; Fig. 1). Two types of flights
wer e per f or med: t ransect survey flights desi gned to docunment the
di stribution, nunbers and novements of whales (the main NOSC study), and
flights whose specific purpose was to study bowhead behavior. During the
latter type of flight, we searched for whales in places where bowheads were
expect ed. In particular, searches were concentrated near the” 20-m water depth
contour, wth special enphasis on the eastern part of the Al askan Beaufort
Sea (Denmarcation Bay area). Flight routes and sighting locations for both the
standard surveys and the search/behavior flights are mapped in Ljungblad et
al.  (1982a). Mbst behavioral observations were obtained between Kaktovik and
the Al aska-Yukon border (Fig. 1).
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Search and Observation Procedures

The aircraft used for both the standard NOSC transect surveys and for
t he NOSC/LGL behavioral work was a specially nmodified Gumman ‘ Super Goose’
(N780).  This anphi bious aircraft differed froma standard Goose in that it
had been |engthened by about 1 m and the two piston engines had been
repl aced by turboprop engines. A very low frequency navigation system (Qd obal
Navi gati on Syst em GNS-500) provi ded informati on about aircraft position and
heading. Large wndows in the cockpit provided good visibility for the four
personnel seated there, although the wingtip sonetimes obscured bowheads that
were being circled.

The stall speed of the ‘Super Goose’ was quite high (about 220 kmih in a
tun) .  Consequently, it was necessary to maintain an airspeed of about 260
knmih while circling above whales. This linted the maneuverability of the
aircraft. The average radius fromthe whales to the circling aircraft was
necessarily greater than during LGL's study of bowhead behavior in summrer,
when the observation aircraft has been a Britten-Norman Islander circling at
about 148 kmi h.

During searches for bowheads, survey altitudes ranged between 153 m (500
ft) and 305 m (1000 ft). Sinilarly, transect surveys were flown at 153 m
al titude. When bowheads were found and behavi oral observations were
begi nning, the aircraft clinbed to an altitude of at |east 457 m (1500 ft)
when the cloud ceiling permtted. Some observations were obtained from
altitudes as high as 610 m (2000 ft). Unfortunately, on 6 of the 10 days wth

detai | ed behavioral observations, |ow ceilings forced us to circle at
altitudes below 457 m (Table 1). Bowhead behavior is sometines (but not
always ) disturbed if an Islander aircraft circles overhead at an altitude
bel ow 457 m (Richardson et al. 1985b,c). Also, the aircraft's wingtip

interrupts the observers’ view of the whales nore frequently when the
aircraft is low than when it is high.

During transect surveys and searches for bowheads, there were two
observers (plus the pilot) on the left side of the aircraft and one observer
(plus the co-pilot) on the right. During behavioral observations, the



Table 1. CGiramstances of

behavi oral observations, Alaska Beaufort Sea, 12 Sept-5 Cct., 1981.

Dat e 12 Sept 14 Sept 17 Sept 20 Sept 21 Sept 22 Sept 28 Sept 29 Sept 2 Oct 5 Ot
Flight Wmber 97 100 102 104 105 107 112 114 116 118
latitude (Average) 69750 69°49' 70°02' 7007 70°16' 70°03' 02 01 10003 108
longitude (Average) 14058 140°30 140°50° 141°55 142°29 14209 145°28 14310 145°32 144°56'
Vater Depth (m 2 0 40 2 44 2 35 2 37 33
Sea State 1-2 1-2 2-3 1-2 4-5 -3 35 3-4 3-5 3
Ice Cover (Tenths) 0-1 | 1 0-1 0-1 0-1 0 | -3 35 (New)
Aircraft atitwde (m 305-610% 152-563* 274-57P 183- 305 150-271 213-579% 148-183 204-427 137- 244 152- 244
Geophysical Sounds? Yea Intense Yes No 2 Pulses No No No Mo No
Whal e Sounds? Yea Yes Yes Yes None . Yea Yea Yea Yes Yes
Number of Bowheads 1 15%% 1 O ek 3 7 6t ik 5t ek 12 5t ek
Activity of Bovheads Feeding? Feeding? Feeding?  Some Soc~  Swimming Feeding?  Feeding? Feedi ng? Feeding?  Feeding?
Slw Travel  Little ¥wt  Active S  ializing; Defecation  Calling  Defecation Little vt Little Mot

Calling Calf Play ializing Resting Little ¥ou Socializing Calling calling

Calling Calling Calling (killing Calling

* Altitde 457 m or wre fOr mst observations.
** Including one cow-calf pair.
#ck Number of bowheads includes only those where behavioral observations were conducted.

SpoyaaK

AN
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co-pilot noved to the cockpit seat behind the pilot, and the aircraft circled
to the right. The primary observers were in the co-pilot’s seat and a cockpit
seat directly behind it. These observers dictated their observations into
tape recorders. One of the other observers occupied a left rear seat while we
circled whales; this observer was also responsible for data recording,

| aunchi ng sonobuoys, and recording their signals.

Beginning on 21 Septenber, fluorescein dye markers (Whrsig et al.
1982) were dropped near whales to assist the pilot in remaining at the
correct location while the whales were below the surface and unobservabl e.
The presence of ice pans or other cues was also helpful in maintaining
station above the whales, especially on 14 Septenber.

From 21 Septenber onward, one prinmary observer used binoculars (Leitz
Trinovid 8x40B) to observe details of behavior. Because of the great distance
fromthe circling aircraft to the whales, binoculars are necessary in order
to be certain of discerning details of behavior, especially the |ess
conspi cuous respirations, and to identify individual whales positively.

Behavi oral Data Recorded

Behavioral information that was recorded included the group size and
general activity of the whales (feeding, socializing, traveling, etc.),
respiration parameters (blow intervals and number of blows per surfacing),
length of tine at surface, duration of dive, orientations, turns, and
i nter-animal distances. Any of these variables may change when bowheads are
di sturbed by industrial activities (Richardson et al. 1985b,c).

When possible, the observers concentrated on individual bowheads that
had distinctive markings. Only when whales are individually recognizable, or
when it is <clear that only one animal is present, is it possible to obtain
reliable data on durations of dives.

Definitions of behavioral terns generally followed those of the sumer
study in Canadian waters (e.g. Wirsig et al. 1982, 1985a). However, in view
of the difficult conditions and linmted opportunities for observations in
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this study, our criteria for acceptance of data as reliable were sonewhat
nore liberal than the criteria applied in the sumer study. For exanple, the
operational definition of 'surface time' during this study was from first
appearance (or first blow) to submergence (or last blow if subrergence was
not specifically noted). In the sumer study, surface times are accepted only
if the exact tines of appearance and submergence were noted. Consequently,
surface tines would probably average a few seconds shorter by the criteria
used in this study as conpared with the likely average if the sumer
procedures had been used. Because dive durations are conplenentary to surface
times, average dive durations recorded in this study are probably a few
seconds | onger than would have been recorded by the procedures used in the

sumrer st udy.

Orientations were recorded in the same way as during the summer study.
The heading of the whale or group of whales when it surfaced was recorded as
the orientation for that surface interval. In addition to the observations
made while we circled over whales for extended periods, observations of
general activities and orientations were often obtained during transect
surveys conducted by NOSC (Ljungblad et al. 1982a).

Sone data on intervals between successive blows and nunber of blows per
surfacing were collected. However, we have not presented these data here
because their reliability was questionable. Blows were sonetimes difficult to
detect because of the wide circles necessitated by the high speed of the
Super Goose. Also, because of the low altitudes at which we often had to fly
to remain bel ow cl ouds, the angle of observation was such that the observers!
view of the whales was frequently blocked by the wingtip. In the case of dive
times and surface tines, these problems were not as severe; dive tinmes and
surface tines are presented in this report.

Sonobuoy Recordi ngs of Underwat er Sounds

On each of the 10 occasions when detail ed behavioral observations were
obtained, we dropped one or two sonobuoys near the whales in order to record
any underwater sounds produced by the whales, by seismic vessels, and from
other sources. Three types of sonobuoys were used -- nodels AN SSQ 41A,
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AN/SSQ-41B, and AN/SSQ-57A, with frequency responses of 10 Hz to 6 kHz, 10 Hz
to 20 kHz, and 10 Hz to 20 kHz, respectively. Sounds received by the sonobuoy
hydrophore (18 m deep) were anplified, telenmetered via the sonobuoy's VHF
transmtter to a broadband receiver (Defense El ectronics GPR-20) on the
aircraft, and recorded on a dual track Nagra |V SJ tape recorder. Signals
were nmonitored via headphones while recording on one track, and behavi oral
observations were dictated onto the second track.

In this report, we use the sonobuoy data sinply to indicate whether
whal e sounds and/ or seismic inpulses were detectable near the whales that
wer e being observed. We assune that whal es were not exposed to seisnic sounds
if we could not detect such sounds on sonobuoy recordi ngs obtained during the
behavioral observation session. Wen we could detect seismc inpulses, we
assune that the whales were exposed to seismic noise. It is possible that
whales night not detect weak inmpulses that we could hear. This is especially
likely if whales remained at the surface, where received noise levels were
probably several decibels less than those at the depth of the sonobuoy
hydrophore (G eene 1984).

RESULTS

I ce Conditions

Ice conditions in the study area during Septenber 1981 ranged from open
water to 5/10 coverage between the north coast of Alaska and 72"N | atitude.
North of 72°N, ice coverage varied fromopen to 7'/10. The |ease areas were
covered by a maximum of 2/10 ice on the northern edges, but open water was
predomi nant. Sone residual pieces of old ice were grounded and stacked up on
the barrier islands.

Rel atively ice-free conditions persisted south of 72°N until 30
September.  Freeze-up began during a stormon 1 COctober. By 3 (ctober, the new
ice was thick enough to support polar bears, as evident from our sightings of
nunerous bear tracks thereafter. Ice cover was 9/10 grease ice south of the
barrier islands. Open water prevailed fromthe north sides of those islands
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out to the 20 m depth contour. North of this strip of open water, ice cover
was 5/10 to 9/10. The Sale 71 and State-Federal |ease areas averaged 9/10 ice
cover by 4 Cctober. Ice cover averaged 7/10 east of Flaxman |sland on 4
Cctober;  coverage increased to 8/ 10 in this area by 7 OQctober. From 9 Cctober
until the end of the NOSC study on 15 Cctober, ice cover from Point Barrow to
Demarcati on Bay averaged 8/10 to 9/10 except along the 20 m contour, where
the cover was predomnantly 5/10 - 8/10.

Ice cover at each of the ten locations where detailed behavioral
observations were obtained is summarized in Table 1. There was little or no
ice near the whal es observed on 12 through 29 Septenber. Ice cover was about
1/10 - 3/10 during observations on 2 Cctober, and 3/10 - 5/10 new ice on 5
Cct ober .

Sei sm c Exploration

W are aware of six seismic vessels operating in the Al askan Beaufort
Sea for sone part of our study period (12 September - 5 Qctober 1981). One
vessel, the T'Arctic Fox', ceased operations on 12 September, and the other
five vessels ceased operations between 16 and 28 Septenber. There was no
seismc exploration in the A askan Beaufort Sea after 28 Septenber. Table 2
summarizes our limted information about the daily locations of the six
vessels. This information was obtained fromtw sources: (1) reports to us
from the geophysical exploration companies, and (2) our sightings of seismc
vessels at sea. W rarely obtained nmore than one position report for each
ship each day, so Table 2 provides only a general indication of the area

wi thin which each ship was operating.

Anot her seismic vessel, the ‘Edward O Vetter', was operating in
Canadi an waters just east of the Al aska-Yukon border on 14 Septenber. On that
date, we observed whales in Canadian waters about 15 km from this vessel.

Most seismic exploration in the Al askan Beaufort Sea during this study
was in the Sale 71 area in and near Harrison Bay. This was far to the west of
the locations where we studied bowhead behavior. Only the ‘Edward O Vetter'
and the 'GSI Mariner' operated in the general area where we studied bowheads.



Table 2. Daily locations of five seisnic vessels operating in the Alaskan Beaufort Sea, autumm 1981. 0o nost days we know the location of each vesse
at only one time. A sixth vessel, ‘Arctic Fox' , ceased operationa on 12 September.
Dat e (day/Sept 1981)
Posi tion/
Vessel Shoot i ng 12 13 14 15 16 17 18 19 20
'"Western Anchor age’ Posi tion N of Harrison 71" 00’ 71°20" Heading S
Harrison Bay Bay 149°30’ 152" 00’ Chukchi  Sea -
Active? Yes Yes ? ? No
"Western |nlet’ Position Harrison Wend of 70°15' E end of 71°15 71°07 70°38’ 70°45 70" 50"
Bay Harrison Bay  150"45' Harrison Bay 152°00’ 153°20’ 148° 30’ 150° 20’ 150°20
Active? Yes Yes ? Yes ? ? ? Yes Yes
‘Arctic Star’ Posi tion N of N of 70”48’ 71°16' 71°51 71°15' 7100’ 70°49' 71°00
Smith Bay Smith Bay 155" 55’ 155° 30’ 155" 35’ 151°00’ 151°30’ 152°08’ 151°09’
Active? Yes ? ? Yes ? ? No No Yes
'GSI Mariner’ Position 70°39’ 70°39’ 70°28' 70°26° 69" 56’ 70°23 70°47 Her schel Her sche
146° 46’ 146" 46’ 145° 14’ 142°25’ 140° 38’ 142°50’ 142°52' 1s1. 1s1.
Active? Yes Yes ? Yes ? ? ? No No
'Krystal Sea’ Posi tion N of 70°37 70°49' 70°42' 70" 45’ 70°49' 70°48' 70°33 70" 49’
Oliktok 150°23’ 151°18’ 150° 39’ 150° 40’ 150" 13’ 151718’ 148°52’ 150" 26’
Active? Yes ? ? Yes ? ? ? Yes ?
21 22 23 24 25 26 27 28 29
‘Western Anchorage’ Posi tion
Active?
“Western Inlet’ Position W of Headi ng for
Bar r ow Dutch Hor.
Active? No No
‘Arctic Star’ Position 41 70°12 71°15’ Harrison 70°53' 70”52
151°30° 151°16' 150" 05’ NO CONTACT Bay 151°22' 151°26'
Active? ? Yes Yea No Yes No
'6SI Mariner’ Posi tion °05' 70°56' 70°54' Cross Heading to
141"58' 146°23' 147°47 NO CONTACT 1s1. Tuktoyaktuk -
Active? Yes Yes ? No No
'Krystal Sea’ Posi tion 70" 50' °49' 71°20° W of 70°46' 71°00° Vst
150°22' 151724 151°04' NO CONTACT Rei ndeer 1sl1. 150”07’ 151"18’ Dock
Active? ? ? ? No Yes No No

s3[nsoy

LT
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'Wetter' is a 56-mship that, in 1981, used an array of airguns with total
volume 2000 in3 (33 L). ‘Mariner’ is a 36-mship that, in 1981, used an
array of 27 airguns with total volume 23 L and source |evel 246 dB//1 pPa-m
(G Bartlett, GSI, pers. comm.).

Bowhead Behavior in the Absence of Seisnmic Noise

General Characteristics of the 1981 Autumm M gration

In the autum of 1981, transect surveys of the Al askan Beaufort Sea were
flown from 15 August to 15 Cctober, nostly south of the 100 m isobath and
within 80 km of the coast. Alnpbst all bowhead sightings were between the 20
and 50 m iscbaths. The migration across the Al askan Beaufort Sea lasted from
7 Septenber to at least 15 Cctober with |arge nunbers of sightings from 12
Septenber to 7 Cctober. The mpjority of the Western Arctic bowhead popul ation
remai ned in Canadian waters until md Septenber in 1981 (Davis et al. 1982).
The migration was protracted; there were still bowheads north of Kaktovik on
9 Cctober. The prolonged migration in 1981 nay have been related to the

relatively light ice coverage.

Thr oughout Septenber and Cctober, nore whales were oriented westward
than in any other quadrant, but some individuals were oriented in other
directions (Ljungblad et al. 1984a, p. 99). Over 66% of all sightings were in
open to 1/10 ice cover, and only 2% were in >9/10 ice cover. GCeneral
activities were classified as traveling (56%, resting (16%, feeding (14%,
and calf nurturance (1%; for 13% no activity was recorded. Wales that were
t hought to be feeding were observed throughout Septenber and Cctober, but
most often in late Septenber near Denarcation Bay. In that area, whales
believed to be feeding tended to dive and surface nore or |ess synchronously
in the same general area; their novenents were slow and not in any one
consistent direction. In summary, the migration through the light ice in the
Al askan Beaufort Sea in the autum of 1981 was slow and prol onged, and nany
of the groups of whales were feeding or resting when seen (Ljungblad et al.
1982a, 1984a).
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The follow ng subsections present our results from the seven days when
we circled bowheads to observe their behavior in the absence of noise from

seismc vessels.

20 Sept enber 1981

On this date, we flew from Deadhorse northwest beyond Cliktok and then
east along or south of the 20 m depth contour to about Demarcation Bay. The
return flight back to Deadhorse was also along or inside the 20 m contour.
There was sone patchy fog and general |ow overcast, which prevented us from
flying above 305 m At |east 38 bowheads were sighted, npbst near 70°07'N,
141°55'W (Ljungblad et al. 1982a, p. A-171). The whales did not respond to
t he Super Goose aircraft in any obvious way. However, experiments in summer
have shown that an Islander aircraft circling at altitude 305 musually
causes subtle changes in behavior, such as reduced blow intervals (Richardson
et al. 1985b,c). Subtle effects of this type would not be detectable during
“uncontrol | ed! observations of the type obtained in the present study.

Most  of the detailed behavioral observations came from nine bowheads. O
these, four were in a group of socializing animals. A sonobuoy dropped at
their location revealed whale sounds when the whales were on the surface and
Just before they surfaced. No seismc noise was detected. The group of four
whal es may have been responsible for nost or all of the whale sounds, since
calls were heard when the group was at or approaching the surface but not
during dives by that group. The nobst prominent type of sound was an
el ephant-like screech, which occurred just before the group of four whales
surfaced. Before nost dives, the whales raised their flukes fully out of the
water. On one occasion, a tail slap preceded the dive. One specific menber of
the group appeared to |ead, and headings varied.

The whales in the socializing group dove and surfaced nore or |ess
synchronously. Surfacings of this group average2ds + s.d. 0.5 min in
duration (range 1.9-3.3 rein, n=6). Dives by this group averaged 16.2 + 2.2
min in duration (range 14.3-18.7 min, n=4, one questionable 19.0 nmin case
excluded). Because all whales in the group did not surface and dive at
exactly the sanme second, the above values are approximate and are not
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directly conparable to values from precisely-timed surfacings and dives by

i ndi vi dual whal es.

Gt her individual whales not in the above group surfaced for averages of
2.4 + s.d. 0.84 mn (range 1.0-3.5 rein, n=10; Table 3A). Their dives
averaged 15.3 + 10.4 nin (range 7.8-33.3 rein, n=5; Table 3B). The 33.3 nin
dive was 2 nin longer than the |ongest dive recorded during the sumers of
1980-84 in the Canadian Beaufort Sea (cf. Wirsig et al. 1984, 1985b). W
have no specific reason to question the accuracy of this observation.
However, 33.3 min is about twice as long as nost dives observed on this date.
It is possible that we missed a surfacing during the 33.3 min period. |If the
33.3 nmin case is excluded, the nean for individual whales becones 10.8 + 3.1
mn (range 7.8-15.0 rein, n=4). Note that the observation aircraft was |ow
enough on this date (altitude 183-305 m) that all surface and dive tinmes may

have been affected subtly by the presence of the aircraft.

21 September 1981

On 21 Septenber we” flew from Deadhorse eastward to a point north of
Demarcation Bay and return. Mst of the route was near the 20 m contour
(Ljungblad et al. 1982a, p. A-173). A search of the area near 70°16'N,
142°29'W, where the seisnmic vessel 'GSI Mariner' was expected to operate
later in the day, revealed three bowheads. The sea was rough (sea state 4-5),
and | ow overcast forced us to fly below 275 maltitude (900 ft). Each of the
three whales was seen only briefly, and few data were obtained because of the
poor weather conditions. A sonobuoy was dropped but no whal e sounds were
detected. The sonobuoy detected two isolated noise pul ses, probably from a
seismc vessel testing or depressurizing its airgun system but there was no
sequence of pulses. W returned to Deadhorse after losing track of the
whal es.

22 Septenber 1981

On this date we flew from Deadhorse eastward near the 20 mcontour to
about 142°20'W and return (Ljungblad et al. 1982a, p. A-177). The weather was
foggy to partly cloudy, wth generally good visibility and |ow to noderate
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Table 3. Durations of surfacing and dives by individual bowheads in the
presence and absence of seismic noise, 12 Septenber-5 October
1981. No data concerning calves were obtained. ‘ Aver age' surface
and dive times for groups of whales acting nore or | ess
synchronously are excluded, as are all questionable values.

Mean s.d. n M ni mum Maxi mum
A, SURFACE TI MES (rein)
No Seisnic Noi se
20 Sept enber X 2.41 0.84 10 1.00 3.50
22 Sept enber 2.31 0.76 l 1.32 3.65
28 Sept enber X 1.93 1.07 5 1.08 3*75
29 Sept enber X 0.79 0.43 9 0.25 1.50
2 Cctober X 1.42 1
5 Cctober X 1.81 0.76 10 0.25 2. 67
A1l 1.82 0.94 42 0.25 3.75
Sei sm ¢ Noi se
12 Sept enber 1.85 1.02 12 0.55 3.58
14 Sept enmber + 2.26 1.16 10 0.83 4,75
17 Sept ember 3.29 2.52 6 0.75 7.00
A1 2.30 1.54 28 0.55 7.00
B. DI VE DURATI ONS (rein)
No Seism c Noise
20 Sept enber x 15.31 10. 43 5 7.75 33. 33*
22 Sept enber 10. 86 1.77 7 8. 67 14.00
28 Sept enber ** X 0
29 Sept enber X 18. 16 10. 85 3 5.82 26.17
2 Cctober** X 0
5 COctober X 11.81 3. 44 5 5.97 14. 83
A1 13.31 6. 81 20 5. 82 33.33
Sei sm ¢ Noi se
12 Sept enber 8.32 3*11 5 5.00 12. 33
14 Sept enber + 13.58 2.02 4 11. 67 16. 08
17 Sept enber 0
A1 10.65 3.75 g 5,00 16.08

x Cbservation aircraft circled at altitude <457 mon this date (cf. Table
1).

+ Most surface times and all dive times recorded on 14 Septenber involved a

femal e bowhead that was acconpanying a cal f.

The dive duration on 20 Septenber averages 10.81 + 3.14, n = 4, max =

15.0, if the unusual 33.33 value is excluded (see text).

Data for 28 Septenber and 2 Cctober excluded because of uncertainties

caused by the high sea state.

* %
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sea state (1-3). Seven bowheads were found at several sites east of Kaktovik,
and detail ed behavioral observations were obtained at 70°03'N, 142°29'W over
about 2 h. W circled at about 550 m (1800 ft) altitude, just below the
cl ouds. A sonobuoy dropped near the whales reveal ed whal e sounds but no

sei sm c noi se.

The whal es were apparently feeding in the water colum; their behavior
was very simlar to that of whales feeding in the’ Canadian Beaufort Sea in
sumer  (cf. Whrsig et al. 1982, 1985a,b). The whal es within any one group
tended to surface and dive synchronously. They did not appear to make any net
movenent, and headings were not in any consistent direction. On one occasion,
we saw a cloud of reddish feces in the water. Wlrsig et al. (1982) believe
that defecation is an indication of recent feeding.

One of the whales was distinctively marked with a white triangular patch
on the tail, and this mark allowed us to follow this individual through seven
full surface/dive cycles. The seven surfacings averaged 2.31 + s.d. 0.76 nin
in duration (range 1.3 - 3.7 rein, Table 3). The seven dives averaged 10.86 +_
1.77 min (range 8.7 - 14.0 rein). Four of the surfacings ended with a pre-dive
flex, in which the head and peduncle are raised relative to the mddle of the
body . Pre-dive flexes are often seen during sumer in the Canadian Beaufort
Sea (Whrsig et al. 1985a,b). The observation aircraft was high enough
during t hese observations that aircraft disturbance was unlikely ( cf.
Ri chardson et al. 1985b,c).

28 Septenber 1981

On 28 Septenmber we flew northwest to the location of a seismc vessel
north of Harrison Bay, and then east near the 20 m contour to 145°28'W,
northeast of Flaxman |sland (Ljungblad et al. 1982a, p. A-187). About 14
bowheads were found at the latter location. W observed five or six of these
whal es in detail. Observation conditions were poor: the sea was rough (sea
state 3-5), and low clouds forced us to circle at an altitude of about 183 m
(600 ft). On two occasions we suspected that the observation aircraft
di sturbed the whales sufficiently that they dove in response. A sonobuoy
dropped near the whales revealed whale sounds. No seismc sounds were
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det ect ed.

As during the previous flight on 22 Septenber, the whales appeared to be
feeding in the water colum. There was a high degree of synchrony in their
surfacings and dives. Five surfacings averaged 1.93 + s.d. 1.07 min in
duration (Table 3). These values may have been affected subtly by the low
altitude of the observation aircraft. Several dives were timed, but those
results were questionable because of the high sea state as well as the |ow
aircraft altitude.

29 Septenber 1981

On this date we searched for bowheads near the 20 m contour from
Deadhorse east to about 143°10'W. Systematic transect surveys were conducted
in the State-Federal |ease area during the return flight. Bowheads were found
in two areas during this flight: near 145°40'W and near 143°10'W. The
det ai | ed behavi oral observations were obtained fromfive or six whales in the
latter group, which was about 20 km east of Kaktovi k. Because of |ow cloud,
the aircraft circled at an altitude of about 400 m (1300 ft) for nost of the
observations. No obvious reactions to the aircraft were noted at the location
east of Kaktovik but, as nentioned in the 20 Septenber section above, there
coul d have been subtle effects that woul d not have been detectable by us. The
sea state was noderate to high (3-4).

A sonobuoy was dropped at the |ocation of the detailed observations, and
bowhead sounds were recorded. No seismc sounds were detected; by this date,
all seismic vessels had ceased operations for the year.

The whales were in a relatively cohesive group and they tended to dive
and surface synchronously. On one occasion, a whale defecated reddish feces
just before it dove. As on 22 and 28 Septenber, we suspect that the whales

were feeding below the surface. In addition, however, there also were sone

social interactions. At one time there was at the surface a pair of aninals
separated ‘by two body lengths, a third whale four lengths fromthe pair, and
a fourth whale about 10 lengths fromthe others. I nstances of active

soci al i zing included one  apparent chase, close association of two
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individuals, and the pushing of one whale's peduncle by another whale. Also,
twice during the observation period we observed underwater blows. Underwater
blows sonetines seem to be associated with socializing (Wirsig et al.

1985b) . One of the adults at the location east of Barter Island was

acconpani ed by a large calf, which was on the right side of the adult.

Ni ne surfacings averaged 0.79 + s.d. 0.43 mn in duration, and three
dives ranged from5.8 to 26.2 mn long (Table 3). These values may have been

affected by the low altitude of the aircraft.

When whal es were seen at the second |ocation, near 70°20'N, 145°40'W
northeast of Flaxman |Island, the aircraft was at altitude 305 m (1000 ft).
Three whal es dove in apparent response to the aircraft. Two whales at this
| ocation were oriented west and were apparently actively migrating.

2 October 1981

On 2 Cctober, we searched from Deadhorse east to Kaktovik and return
(Ljungblad et al. 1982a, p. A-197). The only bowheads sighted were northeast
of Flaxman |sland at 70°23N, 145°32'W, near one of the locations where
bowheads were sighted on 29 Septenber. Behavioral observations were obtained
fromat |east eight bowheads (groups of 5 and 3 whales). Ice cover was 1/10 -
3/10, nostly single-year pan ice. Because of |low cloud, the aircraft again
had to circle at low altitude (137-244 m 500-800 ft). Observations were al so
hanpered by rough seas (sea state 3-5). Two sonobuoys detected bowhead sounds

but no seisn ¢ noise.

The whales were apparently feeding in the water colum. They were
surfacing and diving wth no consistent novenent in any one direction. One
group of whales was surfacing and diving nore or less synchronously. Their
surfacings lasted an average of 2.5 + s.d. 0.7 nin (range 1.3-2.9 rein, n=5).
Two accurately tined dives were 11.8 and 13.3 min in duration, and two
addi tional dives were roughly 12.7 and 14.2 min in duration. Again, these
val ues may have been affected by the low altitude of the aircraft.
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5 Oct ober 1981

On 5 Cctober, the last date with behavioral observations, we flew
eastward from Deadhorse and found several bowheads between Flaxman |sland and
Kaktovik (Ljungblad et al. 1982a, p. A-201). Behavioral observations were
obtained fromfive of these whales. Ice cover near the whales was 3/10 - 5/10
newy fornmed ice. Cbservation conditions were poor. The sea was noderately
rough (sea state 3) and low cloud forced us to circle at only 152-244 m

altitude (500-800 ft). Two sonobuoys Were dropped; they detected bowhead
sounds but no seisnic noise.

The five bowheads that were observed appeared to be feeding in the water
colum . They did not appear to be noving consistently west (or in any other
direction). The surfacings were in areas of open water, not through the new
i ce.

Ten surfacings by various individual whales averaged 1.81 + s.d. 0.76
mn (Table 3). Five dives averaged 11.81 + 3.44 nmin. However, all values from
5 Cctober may have been affected by the low altitude of the observation
aircraft.

Bowhead Behavior in the Presence of Seisnic Noise

On three dates in 1981, we obtained detailed observations of behavior in
the presence of noise from seismc exploration.

12 Sept enber 1981

On this date we searched near the 20 m contour from Deadhorse east to
Denmarcation Bay, and then west to Lonely (Ljungblad et al. 1982a, p. A-153).
G oups of three and seven bowheads were observed about 20 km of fshore near
t he Al aska-Yukon border; these two groups |later nerged. The aircraft flew at
altitude 305 m (1000 ft) while searching for whales, but clinbed to 457 and
later 610 m (1500 and 2000 ft) to circle for behavioral observations.
(bservation conditions were relatively good (sea state 1-2).



Results 26

A sonobuoy dropped near the whales detected both whale sounds and
seismc noise. W do not know which seismic vessel was responsible for the
sounds reaching the whales' location on this date. Al six seisnmic vessels
known to be operating in the Al askan Beaufort Sea were 200 km or nore to the
west (Table 2). W presunme that the seismc noise did not come from one of

these vessels, but instead cane from a vessel in Canadian waters.

The received seismic sounds varied considerably in intensity and
characteristics during the 45 min of recording. Initially, the pulses were
strong with a descending (in intensity) ‘tail’ nearly 2 s in duration. The
pul ses later becane weak, but subsequently becane strong again. During this
| ast phase, each pulse was followed not by a 'tail', but by an ‘echo’ 0.4 s
after the pulse. By the end of the recording period, the ‘echoes’ becane
al nost as intense as the main pul ses. Possible explanations for the great
variation in received signal strength and characteristics include changes in

aspect, range, and propagation paths.

There was no indication of any unusual behavior on this occasion in the
presence of seismc noise. The whales were diving and surfacing, and appeared
to be feeding in the water colum. They were noving slowy southeast. Surface
tines averaged 1.85 + s.d. 1.02 mn (range 0.6-3.6,n=12; Table 3A). Five
dives by one individual averaged 8.32 + 3.11 mn (range 5.0-12.3 rein; Table
3B). Wth the exception of the shortest dive, 5.0 rein, the surface and dive
times observed on this date were within the ranges observed in the absence of
seismc noise (Table 3)., Dives shorter than 5 mn in duration have been
observed commonly in other studies of bowheads (Ljungblad et al. 1984b;
Whrsig et al. 1984), so we do not consider the one short dive observed in
the presence of seismic noise to be unusual.

14 Sept enber 1981

On this date, we searched near the 20 m contour from Deadhorse eastward
beyond Demarcation Bay into Canadian waters. There was fog and poor
visibility over nost of this area, but east of Demarcation Bay there was
unlimted visibility, ~clear skies, sea state 1-2, and 1/10 ice. Many
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bowheads, including one cowcalf pair, were found in this area of favorable
weat her, at 69°49'N, 140°30'W (water depth 30 m). We were at altitude 152-213
m (500-700 ft) when we first found the whales, but we then clinbed and
observed them from 488 ma.s.1. (1600 ft) or higher.

When we arrived at 16:39, the bowheads were dispersed over a 2 knf
area and were apparently feeding. A sonobuoy dropped near the whales detected
intense noise pulses, so a second scnobuoy was dropped nearby (Fig. 2). Wen
we first began observing the whales, the seismc vessel ‘Edward O Vetter!
was firing its airgun array 19 kmto the southwest. 'Vetter' was traveling
due east at 4 knots (7.4 km'h) in water about 26 m deep. By the end of our
observations, 2.3 h later, 'Vetter' was about 13 km S of the whales (Fig. 2)
During this entire period the whales were near four ice pans, which provided
good positional reference points.

When sonobuoy recordi ngs began, each seismc signal was a strong pul se
with a 4 s ‘tail’. Later, the pulses becane longer. Still later, each signal
was received as two pulses at 0.5-s intervals; reverberations continued |ong
enough to merge into the next pair of pulses 12 s later. The two pul ses could
have represented arrivals by bottom and water paths, or by direct and

reflected paths. There was a noticeable increase in intensity over the 2 h of
recording.

During the observation period, the seismc vessel nobved eastward,
partially but not directly toward the whales (Fig. 2). The whales did not
appear to alter their general activities. Mst whales surfaced and dove
repeatedly, they appeared to be feeding in the water colum, although this
could not be observed directly. During their repeated surfacings and dives,
t hey moved slowy to the southeast and then to the northwest (see
sequentially nunbered locations on Fig. 2). Their net novenent was about 3
km One adult whale with an all-white tail was acconpanied by a calf; these
animals were the easiest to reidentify after dives. The behavior of the calf
appeared playful. On several occasions it swamin front of its nother, where
it breached two or three tinmes.
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Fig. 2. Positions and novenments of bowheads and the seismic vessel 'E.Q. Vetter!
during observations on 14 Septenber 1981.
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Bowheads did not orient directly away fromthe seismc vessel as it
approached at an angle from19 to 13 km away. However, a weak avoi dance
reaction may have occurred. Initially the whales noved slowy SE as the
vessel approached fromthe SW(Fig. 2). When the ship was closer and SSW of
the whales, the whales turned and noved slowy NW roughly contrary to the
eastward path of the vessel, although wth an ‘away’ conponent as well.
Mwvenments of the bowheads resenbl ed those during a seismc experinent in the
eastern Beaufort Sea on 16 Aug 1984 (Richardson et al. 1985¢c). In the latter
experiment, whales initially oriented away fromthe vessel after it began
firing its airguns 7.5 km away. Later they oriented either perpendicularly
away fromits track, or parallel and contrary to its track. During the 16 Aug
1984 experinent, as during the 14 Sept 1981 observations, the whales noved at
only slow to noderate speed as they oriented away or contrary to the vessel's
track. There is no proof that the whales seen on 14 Sept 1981 were avoiding
the vessel. However , it is interesting that, on both 14 Sept 1981 and 16 Aug
1984, they first noved roughly away from the approaching vessel, and then
turned and noved partly contrary to and partly away fromits track.

Bowhead sounds were recorded throughout the observation period. These
sounds sonmetines overlapped with the seismic pulses as received at the
sonobuoys. However, because of the finite transm ssion speed of sounds in
water, we do not know whether bowheads actually called at the sane instant as
they received seismc pulses. The bowhead sounds consisted of the usual
types , including | owfrequency noans, ‘purring’ sounds, and an occasi onal
hi gher-frequency screech.

Seven surfacings by the female bowhead with acconpanying calf averaged
2.417 +.s.d.1.31 min in duration (range 0.83 - 4.75 rein). Three surfacings by
other whales were 1.25, 1.67 and 2.83 min in duration. The overall average
was 2.26 + 1.16 rein, n=10 (Table 3A). Four dives by the maternal female
averaged 13.58 + 2.02 nmin (range 11.67 - 16.08 rein, Table 3B). Wth the
exception of the longest surface time, 4.75 rein, the surface and dive tines
recorded on this date were well within the ranges for whales in the absence
of seismic noise (Table 3). Surface times exceeding 4.75 mnhave been
observed during other studies of bowheads. Hence, there is no reason to
believe that the 4.75 mn surfacing on this date was related to the
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occurrence of seismc noise.

17 Septenber 1981

On 17 Septenmber, we flew from Deadhorse eastward near the 20 m contour
to Herschel Island (139°10'W) and return. At l|east 11 bowheads were found
near the Al aska-Yukon border; sea state was 2-3 and ice cover was 1/10.
Aircraft altitude was at least 457 ma.s.l. for nobst observations.

A sonobuoy detected both bowhead sounds and seismc pul ses. The vessels
responsible for these pulses are not known. The closest seismc vessel in
Al askan waters was 'GSI Mariner’ , which was operating at least 90 kmto the
northwest. Sharp pulses of mediumintensity, each followed by an 'echo!, were
received throughout the observations. These sounds probably cane froma
vessel considerably less than 90 km away, in Canadian waters. In addition, a
second and apparently nore distant boat began shooting near the end of
observations. Each received pulse fromthat vessel was also followed by an
'echo'. The second vessel may have been 'GSI Mariner', although this is

uncertain.

The whales included a group of four socializing animals plus several
other individuals within 1 km The socializing whales rubbed agai nst one
another, sometinmes with flippers out of the water. They created a conspicuous
di sturbance of the water surface. Surface and dive tines were quite variable.
The ot her individual whales outside the socializing group were apparently
feeding in the water colum. The whales seened to call only when on the
surface or just before they surfaced.

Bowhead Behavior Wth vs. Wthout Seismc Noise

The general activities of bowheads observed on three occasions in the
presence of noise pulses from distant seismic vessels were typical of those
observed in other situations. Feeding in the water colum seened to be
occurring on each of the occasions when the whales were exposed to seismc
i mpul ses. COther activities observed in the presence of seismc noise included
slow travel, calf play and little net novenent, and active socializing (Table
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1). Al of these activities except calf play were noticed in the absence of
seismc noise (Table 1). A1l of these activities, including calf play, have
been observed during other studies of presumably undisturbed bowheads studied
in late August and Septenber (Reeves et al. 1983, 1984; Ljungblad et al.
1984b; Whirsig et al. 1985a,b).

Bowhead calls were detected on each of the three days when the whal es
were exposed to seisnmic pulses, and on six of the seven days when no seisnic
pul ses were detectable. Although no detailed analysis of bowhead calls was
done as part of this project, there were no obvious differences in the types
or characteristics o the calls in the presence and absence of seism c noi se.

The surface times in the presence and absence of seismc noise were not
significantly different (2.30 + s.d. 1.54 min vs. 1.82 + 0.94 rein,
respectively; t=1.62, df=68, p>0.1). Simlarly, durations of dives in the
presence and absence of seismc noise were simlar (10.65 +.3.75 mn vs.
13.31 + 6.81 rein, respectively; Mnn-Witney U = 78.5;, p>0.1). These
conparisons include all data listed in Table 3. The observation aircraft had
to circle at altitudes bel ow 457 mon 5 of 6 dates with no seismc noise, but
circled above 457 m on all three dates with seismc noise (Table 1). Mre
detailed analysis is not warranted, given the possibility of aircraft
di sturbance on nost dates without seismic noise, and the generally small
sanmpl e si zes.

Based on observations in Al askan waters in the autum of 1981, we found
no evidence of differences in behavior in the presence and absence of seismc
noi se. However, the observations were limted, and do not prove that bowheads
are unaffected by seisnmic noise.
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DI SCUSSI ON

Bowhead Behavior in Relation to Arcraft

The possible effects of the observation aircraft on bowhead behavior are
rel evant here, given that many observations were obtained when the aircraft
was circling bel ow 457 m (1500 ft) above sea level (a.s.1.). Studies in the
eastern Beaufort Sea in sumrer suggest that 457 ma.s.l. is the | owest
altitude at which an observation aircraft can circle wth reasonable
assurance that bowheads are undisturbed (Richardson et al. 1985a,b). d oud
ceiling permtting, a ninimum altitude of 457 m has been adopted for
observations in Al askan waters (this study; Reeves et al. 1983; Ljungblad et
al . 1984b). Unfortunately, in the 1981 study, |ow clouds often prevented us
from flying at > 457 m Conparisons are further conplicated by the fact that
all observations wth seismic noise were from altitudes above 457 m whereas
nost observations without seismc noise were from <457 m (Tables 1, 3).

Bowheads in Alaskan waters during autumm sometines react to a
turbi ne-powered Goose aircraft (Ljungblad et al. 1983, 1984a). Sone quiescent
bowheads begin to nove, respire, or dive. Sw mrng bowheads sonetines change
speed or direction, tail slap, congregate into a conpact group, or dive.
These types of apparent reactions have occasionally been noted when the
aircraft was as high as 600 maltitude (Ljungblad et al. 1984a). In the
eastern (Canadi an) Beaufort Sea in summer, simlar reactions to an |slander
aircraft have been noticed, especially when the aircraft was below 457 m
altitude (Richardson et al. 1985b,c). Such reactions were infrequent when the
Islander was at altitude 457 m and virtually absent when it was at 610 m In
surmer, hasty dives are the npst conmobn apparent response to an aircraft
(Richardson et al. 1985c).

On two dates during this study in 1981, we observed behavior that we
interpreted as a reaction to the Goose aircraft. On 28 Septenber, we twce
suspected that dives were in response to the aircraft (altitude 183 m).
Simlarly, on 29 Septenber, three whales dove in apparent response to the

aircraft at 305 m
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Mich subjective judgement 1is involved in interpreting whether bowheads
overflown by an aircraft do or do not react. Cccasionally the behavior is
sufficiently abrupt and uncharacteristic to be readily interpretable as a
di sturbance response. However, on nmany occasions there is considerable doubt
whether or not a dive or turn was in response to the aircraft. Bowheads
sometimes Show no conspi cuous reaction to an aircraft circling at an altitude
of 305 m especially when they actively engaged in social interactions or
feeding (Richardson et al. 1985c).

Even when no conspicuous reaction is apparent, behavior i s sonetimes
affected subtly by an observation aircraft. [Intervals between successive
respirations tend to be shorter when an Islander circles at 305 m a.s.1l. than
when the sanme aircraft circles the same whales at 457-610 m (R chardson et
al . 1985b,c). Durations of surfacings and dives are not altered appreciably
when an observation aircraft descends from 457-610 m to 305 m However,
caution is necessary in interpreting any behavioral observations from
altitudes below 457 m given the subjective observations revi ewed above, plus
the fact that average blow intervals become significantly shorter when the
aircraft descends to 305 m

Bowhead Behavior in Summrer and Autumm

Bowheads have been observed fromcircling aircraft during late sunmmer in
t he Canadi an Beaufort Sea, and during late sunmer and early autum in the
Al askan Beaufort Sea. Activities during summer and autumm were conpared by
Wirsig et al. (1985a,b) and Ljungblad et al. (1984b). Their conparisons
consi der observations from 1980-84 and 1979-83, respectively. Bowhead
activities are qualitatively simlar in the two periods and areas. Bowheads
sonetines feed at the surface, in the water colum, and near the bottomin
t he Al askan Beaufort Sea in autum as well as the Canadi an Beaufort Sea in
sumer. Feeding in the A askan Beaufort Sea continues into early Cctober in
some years (Ljungblad et al. 1983, 1984a). Mther/calf interactions, other
soci al interactions, and aerial activity (breaching, tail and flipper
slapping) occur in both areas and seasons. In both situations, notion can
range fromnil to strongly directed travel | and activities of bowheads spread

over many kn2 are often partially synchronized. Call types are very
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simlar in the two areas (Ljungblad et al. 1982b, 1983, 1984a; Wirsig et
al . 1985b).

Al though the repertoire of activities is simlar in the tw areas and
periods, relative frequencies of sone activities vary. Social interactions
seem to becone progressively less frequent from spring through summer to
autum (Ljungblad et al. 1984b; Wirsig et al. 1985b). Westward-directed
travel becomes nore frequent as the season progresses, both the Canadian
Beaufort Sea (Renaud and Davis 1981; McLaren and Davis 1984) and in Al aska
(Ljungblad et al. 1984a). Feeding may be less frequent in the Al askan
Beaufort Sea in autumm than in Canadi an waters in sumrer, especially in years
with heavy ice in A askan waters in Septenber (Ljungblad et al. 1984a).

Qur results from 1981 were consistent with the above generalizations, in
part because the 1981 results were taken into account by Wirsig et al. and

Ljungblad et al. in deriving those generalizations. Feeding, socializing,
mot her/ cal f interactions , and travel were all observed. Feeding was
apparently still in progress in Alaskan waters as late as 5 COctober in 1981,

which was a relatively light ice year. In general, results from 1981 and
other recent years show that the activities of bowhead whales in the Canadian
and Al askan parts of the Beaufort Sea during |ate summer and early autum are
simlar. Activities in summer are not restricted to feeding, and activities
in early autum are not restricted to migration.

In both areas and periods, bowheads show sinmilar patterns of short
surfacings alternating wth |onger dives. However, surfacings and dives
tended to be longer in Alaskan waters (Table 4). The overall mean duration
of surfacings was significantly greater in Alaskan than Canadian waters
(1.43 vs. 1.19 rein, t=2.92, p<0.01). There was nuch variability in both
areas, and much overlap. In 1 of 3 years (1982), the trend was reversed
(Table 4). Simlarly, the overall mean duration of dives was over tw ce
as long in Alaskan than Canadian waters (9.18 vs. 4.42 rein). Again, however,
there was much overlap, and in 1982 the trend was reversed. Durations of
surfacings and dives are known to vary with year, activity of whales, and
wat er depth within the Canadian Beaufort Sea (Wirsig et al. 1984, 1985b).
These variations are at least as great as those between the Al askan and
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Table 4. Durations of surfacings and dives by bowhead whales in the absence
of potential disturbance, W th the possible exception of aircraft

di sturbance in Al aska’. Calves are excl uded.

Canada’ Al aska®
Mean s.d. n Mean s.d. n

Duration of Surfacing (rein)

1980 1.25 0.723 94

1981 1.06 0.764 204 1.82 0.94 42

1982 2.05 1. 320 70 1.41 0.57 36

1983 1.05 1.484 248 1.33 1.10 168

1984 1.10  0.559 99 -

ALl 1.19 1.137 715 1.43 1.03 246
Duration of Dive (ruin)

1980 2.25 3.549 25

1981 3.80 4.986 80 13.31 6.81 20

1982 12.08 9.153 51 10. 27 5.55 36

1983 1.88 2. 357 140 7.11 5.94 59

1984 6. 27 7.195 37

Al 4.42 6. 319 333 9.18 6. 38 115

**“ Al askan’ data are fromthis study, Reeves et al. (1984) and Ljungblad et
al. (1984b). A few of these data came from the Canadi an Beaufort Sea.
*Canadi an data are from Wirsig et al. (1985b).
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Canadian results listed in Table 4.

We conclude that behavior of bowheads in the Canadian Beaufort Sea in
late sunmer is quite simlar to that in the Al askan Beaufort Sea in late
sumer and autumm. However, there are subtle quantitative differences in the
relative frequencies of different activities, such as feeding, socializing
and travel. There may also be subtle differences in average durations of
surfacings and dives, although the reversal of this trend in 1 of 3 years

renders this point questionable.

Bowhead Behavior in Relation to Seismc Exploration

In 1981, we found no definite reactions of bowhead whales to noise from
di stant seismic vessels, although the whal es observed on 14 Septenber 1981
may have been slowy avoiding the vessel. These results were consistent with
those of other recent studies of bowheads in the Al askan and Canadi an
Beaufort Sea, in which bowheads often seened to tolerate strong seismic
i mpul ses, and reactions to seismc vessels were denpnstrated conclusively
only when the vessel was less than 7.5 km away (Richardson et al. 1985c;
Ljungblad et al. in prep.). In 1981, the seismc vessel was at |east 13 km
away during the three observations. (On 2 of 3 days, the distance was
unknown, but undoubtedly >13 km given the |low received |levels of the seisnic
i mpul ses and the fact that ship was not seen during behavioral observations. )

In the 1981 stxﬁy, there was no evidence of reduced surface or dive
durations in the presence of seismc noise (p>0.1 in both cases; see
Results), and no cases of ‘huddling’ were seen (cf. Reeves et al. 1983,
1984) . In some other opportunistic observations of bowheads exposed to noise
i mpul ses from distant seismc vessels, there have been subtle indications of
reduced durations of surfacings and dives, and reduced nunbers of blows per
surfacing (Reeves et al. 1983, 1984; Ljungblad et al. 1984b; Richardson et
al. 1985b,c). However, the trends have been weak and inconsistent, with nmuch
overlap and sone seeningly contrary cases. Miltivariate analysis of the
summer observations in the Canadian Beaufort Sea has shown that the weak
trends might be attributable to factors other than seisnic noise (R chardson
et al. 1985c). However, these trends in the presence of noise from distant
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seismic vessels are nonetheless noteworthy, because they are consistent in
direction with the nuch stronger and clearer trends found on four occasions
when sei sm ¢ vessel s approached bowheads cl osely (Ljungblad et al. in prep.).

In summary, the present study provided additional evidence that bowheads
often engage in seenmingly normal activities in the presence of strong seismic
inpul ses.  Although there is no proof fromthis or other work that bowheads
more than a few kilometres from seisnmic vessels react to the noise inpulses,
there is some evidence consistent with the possibility of subtle effects on
surfacing - respiration - dive cycles at greater ranges (R chardson et al.
1985b,c), and of weak avoidance reactions at |onger ranges (this study, 14
Sept 1981 case). Such reactions are not particularly surprising, given that
hi gh-energy seismic vessels ensonify the water with strong noi se inpul ses out
to distances of tens of kilometres (G eene 1982-85; Malme et al. 1983). It is
not known whether the subtle behavioral reactions that may occur at ranges
exceeding a few kilometres are in any way harnful to bowheads.
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